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Neutrino Program!
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MicroBooNE	  
MINERvA	  
MINOS+	  
NOvA	  
LNBF/DUNE	  (proposed)	  



How is an Engineer Different from a Scientist?!
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“Scien>sts	  inves>gate	  that	  which	  already	  is;	  
	  	  Engineers	  create	  that	  which	  has	  never	  been.”	  
-‐	  Albert	  Einstein	  
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Examples of Physicists’ Specifications!
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Examples of Engineering in the Main Injector Enclosure!
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Example of a Magnet Upgrade – Wide Aperture Quadrupole!
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Example of an Installation – Ion Profile Monitor!
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Inside an Ion Profile Monitor!
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More Small Details – R&D Titanium Nitride Coating!
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Introduction to Vacuum System Design!
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Factors	  that	  affect	  vacuum	  system	  design	  to	  reach	  specified	  pressure:	  
•  Volume	  of	  system	  
•  Materials	  (outgassing	  rates)	  
•  Pump	  size	  and	  spacing	  
•  Conductance	  to	  all	  volumes	  (to	  pumps,	  and	  avoiding	  virtual	  leaks)	  
•  Cleanliness	  of	  everything	  within	  the	  system	  
	  
Some	  star>ng	  equa>ons:	  
PV=nRT 	   	   	  	  
Q=SP 	   	   	   	  	  
Q=CΔP	  
Pp=qD*B*Lp/S	  

	   	   	   	   	  	  
	  
	  

P=pressure 	   	   	   	  S=pump	  speed	  
V=volume 	   	   	   	  C=conductance	  
n=number	  of	  moles	   	   	  Pp=pressure	  at	  the	  pump	  
R=universal	  gas	  constant 	  qD=specific	  outgassing	  rate	  
T=temperature 	   	   	  B=inside	  tube	  perimeter	  
Q=gas	  flow 	   	   	   	  Lp=pump	  spacing	  
	  

Lp	  



Vacuum System Basics!
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Note:	  Informa>on	  depicted	  is	  intended	  for	  general	  reference	  and	  may	  or	  may	  not	  be	  representa>ve	  of	  any	  real	  system.	  	  

Graph	  from	  “Accelerator	  Vacuum	  101”	  by	  T.	  Anderson,	  2006.	  



Vacuum System Analysis!
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Beamline Design!
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Adding New Beamlines to the Accelerator - NOvA!
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Sample of Installation Drawings - NOvA!
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•  29 before & after vacuum system drawings like this were created for three regions of the accelerator. 
•  Magnet installation drawings were separate. 
•  Hundreds of supporting drawings.   



Efficient Installation in Radiation Areas - NOvA!
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What’s Next? Designing a Beamline for LBNF and DUNE!
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Early 3-D Model of LBNF and Main Injector!
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The End.  Do Accelerators Look Different Now?!
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